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kinetochore microtubules. Are
rings conserved at higher
eukaryotic kinetochores which
use many microtubules to make
an attachment, or does the
single microtubule at the budding
yeast kinetochore require a
unique structure to maintain the
delicate balance of a firm, yet
flexible grip?
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R969Respiratory Biology: They Would
Be Giants
A recent study has shown that respiratory structures are
disproportionately oversized in larger insects, and that oxygen supply to
leg muscles may be physically constrained in the largest modern insects.
High oxygen concentrations during theCarboniferousmay have alleviated
these physical constraints allowing the evolution of gigantic arthropods.John R.B. Lighton
Oh, those giant late Carboniferous
arthropods, how they captivate the
imagination of writers and the
curiosity of scientists. Meter long
millipedes! And those wingspans:
70 centimeter dragonflies, 45 cm
mayflies! With the discovery that
atmospheric O2 levels spiked as
high as 35% during the peak of
insect gigantism, the mystery was
partly solved [1,2]. Evidently, high
O2 concentrations may have
overcome the insects’ presumed
respiratory limitations. However,
hard data to suggest that modern
insects are limited in size by
present-day O2 concentrationsclose to 21% were lacking. Yes,
modern dragonflies fly better in
synthetic Carboniferous air than in
the modern atmosphere [3], but
that doesn’t directly address the
gigantism question. In many other
insects, high O2 concentrations
show no effect. A good way to
address the question, as it turns
out, is to look in depth at the
scaling between gas transport
mechanisms and body size.
When most people think about
gas transport, they think lungs and
bloodstream. In mammals, lung
volume is a constant fraction of
body volume, irrespective of size
[4]. But not all animals have lungs,
and thereby hangs an exoskeleton.Take insects, for example. Lungs,
heart, and bloodstream have they
none; at least not in vertebrate
terms. Their circulatory systems
lack the respiratory pigments on
which O2 and CO2 hitch-hike in
vertebrates. Instead, they have
air-tubes called tracheae that
transport respiratory gases directly
to and from their tissues, neatly
bypassing the retail supply chain.
Insects don’t breathe in the sense
that vertebrates such as mammals
do. So, how do the volumes of their
tracheal systems scale with the
volumes of their bodies? Like
many questions in basic insect
physiology, this question,
amazingly, has been examined
only very recently.
From the work of Jon Harrison
and collaborators [5], we know
that grasshoppers invest
disproportionately more in their
tracheal volumes as they grow from
infants to adults, but these results
are complicated by the fact that
adult hoppers deploy expensive
accessories such as wings and the
muscles required to power them.
Now, Alexander Kaiser and
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first inter-species comparison of
tracheal volume scaling, that large
species of adult insects invest in
strikingly larger tracheal volumes.
For their study, they used four
species of insects, all from the
same family charmingly called
darkling beetles. Compared over
a thousand-fold range of body
masses, the beetles’ tracheal
volumes increased tenfold from
0.5% to 5%, showing a mass
scaling exponent close to
1.3, significantly higher than
the exponent of 1.0 found in
mammals.
Before examining the
implications of the study, let us
take a small side-trip. How did
Kaiser et al. [6] determine the
tracheal volumes of their beetles?
Why, by holding glass beetle
paperweights up to the light, and in
a thorough and quantitative way,
watching with narrowed eyes as
the beetles’ tracheae lit up like
the graceful bubbles in glass
ornaments at a Venice street
market in the summer sun. I have
been to the same synchrotron
X-ray source at Argonne National
Labs as the authors, Big Science in
the best sense, and perhaps it
speaks ill of my life when I say
that one of its peak experiences,
after the lead-lined door of the
line experiment module at Argonne
had locked flush amid dire
android-synthesized warnings
and red disco lights, was to see
a familiar ant (Camponotus
vicinus) turned into glass on the
video monitor. I could not believe
what I saw. That dark opacity I had
known for decades, and which
always seemed such a guardian
of secrets, became a crystal
paperweight alive with troubling
mystery. It pulsed and wove its
threads and beads while I watched
lost in the wonder of seeing what
few had seen before. Much I
could interpret; much more I
could not fathom. This is what it
was like to own a telescope during
Galileo’s time, I thought, but with
the vision turned inwards not
outwards. This was the tool that
Kaiser et al. [6] employed. Goodbye
to the clumsy, traditional water
displacement technique for
measuring tracheal volume; the
requisite dimensions were rightthere on the phosphor’s calibrated
screen. This gives the rest of
this story its power, because with
this magic lantern, the authors
could measure tracheal
dimensions hidden to their
predecessors.
First, it was obvious that tracheal
investment outstripped body size.
Freed of the mechanical baggage
of tidal ventilation in lung-bearing
beasts such as mammals, the best
explanation was that diffusion of
respiratory gases along the longer
distances of the larger beetles
required disproportionately greater
investments in respiratory
structures such as tracheae. This,
of course, is at modern O2
concentrations of 21%, and
offers a possible clue to insect
gigantism — or, conversely, to
the small size of modern insects.
Given that tracheae take up
disproportionately more space in
larger beetles, how big can a beetle
become and still be embodied
as a beetle, rather than as
a gargantuan solipsistic tracheal
system? Modern insects top out at
a tracheal volume of about 40% of
body volume, and extrapolating
their data, Kaiser et al. [6] found
a maximum length of 32 cm, which
is almost twice the size of the
biggest living beetle (Titanus
giganteus, 16.7 cm). Plainly,
something else limits the body size
of modern beetles. What could
that be?
Here is where the magic lantern
bit comes in. Intuitively, two
potentially oxygen-limited systems
common to all beetles, flightless or
not, are the brain and the leg
muscles. To reach them, tracheal
tubes must travel long distances
from the nearest entry points in the
insect’s thorax. Furthermore, those
tracheal tubes must pass through
constrictions — the neck in one
case, leg joints in the other — on
their way to their destinations. The
tracheal tube must be smaller than
those constrictions. Looking at the
areas of these constrictions and
their associated tracheal tubes,
one would predict that their mass
scaling exponents should be 0.67
(being area, proportional to length
squared, divided by mass, which is
proportional to length cubed). It
turns out that the tracheal supply to
the brain and the constriction itpasses through follow this rule.
Obviously, little selective pressure
exists to disproportionately
increase the O2 supply to the
brains of the larger beetles.
When it comes to what powers
themovement of their legs, though,
as opposed to what directs it,
the situation is very different. The
leg joints increased in diameter
no more than expected, but the
tracheal tubes passing through
them increased from a mere 2% of
the available space in the smallest
beetles to 18% in the largest. The
leg joint is an evolutionarily stable
structure, and disproportionately
increasing its diameter for a given
body size requires a fundamental
redesign that hasn’t been
forthcoming. The only escape from
this Procrustean predicament is to
fill more and more of the leg joint
with tracheal tubes, and this is
where the true logjam occurs.
Assuming that no beetle can
tolerate the loss of more than
90% of its leg joint area to
tracheal tubes, Kaiser et al. [6]
predicted a maximum beetle
length of 16 cm — almost exactly
the size of the titan beetle. So,
the limited size of modern
beetles appears to result from
a morphological constraint on
the supply of air to their leg
muscles.
There is now a quick, pretty and
unexpected link from tracheal
scaling to the issue of insect
gigantism. When O2 concentration
rose from 21% to the 35%
or so prevailing during the
Carboniferous, insect species
could respond over evolutionary
time in two distinct ways: maintain
the scaling of their ancestral
tracheal system; or shrink their
tracheal system relative to their
body mass. In selection
experiments such as those being
carried out on Drosophila in Jon
Harrison’s lab, insects respond to
elevated O2 concentrations by
reducing their tracheal dimensions
[7]. The work of Kaiser et al. [6] is
important and exciting because it
shows us that reducing the size of
the tracheal system, at a time of
increased O2 availability, alleviates
certain critical morphological
bottlenecks that had acted to limit
insect size. One might call this the
Procrustean/respiratory theory of
Dispatch
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[6] state, ‘‘Increased oxygen
delivery, together with reduced
tracheal investment, would have
allowed insects to evolve much
larger, perhaps giant, bodies
before the exoskeleton of the leg
constrained the size of the
respiratory system’’. It’s a fine
paradox, and one typical of
integrative biology: change an
external variable such as O2
supply, reduce the size of the
component of the system
responsible for its transport, and
the size of the overall system
may change in unexpected ways.
There will certainly be further
discoveries along the road to
understanding insect gigantism,Individual Recogn
MUPs and the MH
Recognition requires that identity b
a result of perceived differences in
A recent study demonstrates that th
and reveals the genetic signal that u
Samuel Cotton
Having the ability to recognise
individuals has facilitated the
evolution of many social
behaviours. Individual recognition
requires the capacity to distinguish
between animals with respect to
their unique features and attributes
and to associate such differences
with specific individuals [1]. Cues
that facilitate reliable recognition
are expected to evolve or be
exploited in many social situations,
as theyallowanimals to identify and
react appropriately to individuals
with whom they have frequent
encounters, for example, in the
context of mating decisions or
territorial contests. Whilst much
progress has been made in
evaluating animals’ abilities to
identify differences between
individuals, there have been very
few studies demonstrating that
animals can actually recognise
conspecifics as specific individuals
by ascribing identity to them based
on suchperceiveddifferences [1]. A
new study by Cheetham et al. [2],but few will be as neat and
satisfying as this one.
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published recently in Current
Biology, has addressed these
issues and shed light on
a mechanism of individual
recognition in the house mouse
(Mus musculus domesticus).
Male mice use urine-based scent
marks as chemical signals to
delineate their territory and
advertise their competitive abilities
[3]. Scent marks are deposited by
resident males throughout their
territory and reveal the identity of
the territory owner to intruding
conspecifics, even when the owner
is absent [3]. Resident males
countermark competitor’s scents
by depositing many of their own
scent marks nearby, providing an
odour-based record of their victory
in that particular scent skirmish [3].
Countermarking ensures that the
dominant male’s scent prevails
and provides proof of territory
ownership and success in previous
disputes. Such associations are
not lost on females, as they prefer
to mate with males whose scent
marks they have encountered
previously (Figure 1), which tend toamericana, measured by a new inert gas
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Cheetham et al. [2] cleverly
exploited female preference for
males with whose scents they are
familiar to distinguish the simple
ability to perceive differences
among individuals from the more
valuable attribute of being able to
assign identity to an individual
based on such differences. They
created an illusion of territorial
dominance between two
equivalent, but absent, males by
exposing females to urine streaks
from one male that had been
artificially countermarked with
urine from the second male 24
hours later (females are able to
distinguish between fresh versus
day-old scent marks). They then
performed a functional test of
recognition, by asking whether
females could match up the fresh
countermark with the correct
owner when they were presented
subsequently with the males in
a binary choice test. Using pairs
of males with diverse genetic
backgrounds, Cheetham et al. [2]
found that females were attracted
towards the owner of the fresh
scents, which was perceived as
the dominant countermaking
territory owner. Thus, females were
able to correctly assign identity to
each male using urine-based
signals.
What characteristics of mouse
urine are used to identify
